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&) Flow sensor responsive to fluid leakage fiows within a range from above a predetermined minimum to below a
predetermined maximum and nonresponsive to fluld ieakage flows beyond said range.

@ A flow sensor is provided responsive to fluid leakage
flows within a range from above a predetermined mini-
mum to below a predetermined maximum, to indicate
that leakage flow is within that range and/or that maxi-
mum leakage flow has been exceeded, but nonresponsive
to fiuid flows below the predetermined minimum or above
the predetermined maximum, to avoid giving a false
indication of fluid leakage flow, comprising a flow res-
ponsive valve (10) and a differential pressure indicator
Y™ (45) sensing differential pressure between fluid leakage
< flow and normal fluid flow at the vaive (10).
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FLOW SENSOR RESPONSIVE TO FLUID LEAKAGE FLOWS

- WITHIN A RANGE FROM ABOVE A PREDETERMINED MINIMUM

10

25

TO BELOW A PREDETERMINED MAXIMUM AND NONRESPONSIVE
TO FLUID LEAKAGE FLOWS BEYOND SAID RANGE

Extraordinary demands are made upon the hydraulic systems
of aircraft. Thé hydraulic fluids used must withstand temperatuxe
ranging from -65°F. to as high as 275° F., and occasionally even
higher, and must be completely flowable and operative in the system
under these conditions.

| Wear and abrasion of parts result in the production of very -
fine particles, usually 0.05 to 1 micron in diameter. While these
fine paﬁicles are so small that individuaH;.r they cause no obstruction,
there is nonetheless a tendency for sedimentation of such particlus

in regions where the rate of flow is rather low, and for collection of
such particles in the small '(pften 5 microns or less) clearances in
pump pistons, servo valves, actuators, valves and other components. '
In the course of time, serious obstructions can be built up even
from such small particles. Indeed, it is the ve‘ry fine particles that
are usually responsible fo.r pump failure in such systems.

It is now quite generally accepted that because of this,
maintenance of a clean hydraulic fluid requires efficient filtration.
it is 2 necessary corollary that one must be able to determine that
the {ilter in the system is capable of removing very small particles
and has a sufficient flow capacity to meet the flow requirements of
the system. In normal ilight, a flow of hydraulic fluid of the omizr of
5 to 12 gallons per minute or less may be sufficient, but whenever

the landing gear flaps or other large hydraulically .operated gear
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is operated, a higher flow rate can be required, considerably in
excess of 12 gallons ioer minute under certain conditions. 'Flow |
capacity of a fﬂter is of course a function of surf.ace area, and in
the limited space requlremen[:s of atrcraft 1!: has only recently been
possible to provide a filter element sufficiently rugged for hydraulic
system service and having 5. fiﬁe enough incident particle removal -
rating, and a high enough flow capacity, to meet these requirements.
U. S. patents Nos. 3, 262 563 patented July 26, 1966 to David
B. Pall, 3,262,564 patented July 26 1966, 3,262,565 patented July 26
19 66 and Canadian patent No. 742, 051 patented September 6, 1966,
provide filfer assemblies capable of removing a substantial proportion
of very find particles, as small as 0.05 micron, as well as nearly
all incident particles over 0.45 micron in diameter, and all incident
particles over 3 microns in diameter, and 'cepable of supplying a flow
rate as high as may be desired upon demand. A filtered’ flow is. .
provided at all flow rates, but at flow rates in excess of a px.'edetermined
maximum, only a portion of the flow is filtered.thrdugh the primary |
filter element, of low micron removal rating, capable of removing
all particles as small as 3 microns in diameter. The remainder
is diverted by a flow control iralve through a secondary filter of normal 7
flow capacity and high micron removal rating, capable of removing
most of the incident particles as small as particles 1.5 microns or

larger in diameter, and all incident particles over 15 microns. The
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normal flow though the primary element is the maximum required,
plus a safe margin, for normal operational flow in the system in
which the element is installed. Only when extraordinary require-
ments are made upon the flow, beyond this maximum, does the flow
control valve divert the incremental portion of the flow throilgh the
secondary (coarse or high micron removal rating) filter element.
since such extraordinary flow requirements are ﬁsually made only
for short periods, less than 2 to 3% of the total flight time, the filter
assambly of the invention effectively keeps the hydraulic fluid sub-
stantially free of particles larger than 0.45 micron in diameter, since
any such particles that may enter the fluid during the times of extra-
ordinary flow are removed later in thé course of normal flow,

" As a further feature, these filter a;ssemblies providé for
maintenance of a filtered f_low tﬁrough the secondary or coarsé filter
clement whenever the primary element is 'clogged or so obstructed
that the flowthrough results in a pressure differential across that
element above a predetermined minimum. In this event, the flow
control valve provided diverts through the secondary filter element
flow above that which the partially or fully clogged prima;ry element
can pass, |

A second by-pass as an optional feature is provided for the
secondary filter element, so that when this elemert becomes clogged,

or so obstructed as to increase the pressure differential across it to

above a predetermined minimumthen all flow through the filter by-passes

both the primary and the secondary filter elements. Normally, there

is ample time after the primary element has become obstructed for
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the filter element to be serviced before the secondary filter
element becomes clogged. Thus, the second by-pass line would
come into use only in the event of an emergency of rather unusual
character,
5 In certain systems, intolerant of any contaminant above
15 microns, it will be preferable to omit the by;pass valve around
the secondary element, in which event the secondary element is
preferably fabricated with internal support such that it will withstand
full syst.em pressure as a differential pressure across it. |
10 For control of the diversion of fluid from the primary filter
element at flow rates above the predetermined maximum, as well as
diversiori whenever the primary filter element becomes obstructed
so that the pressure differential across it reaches a predetermined
. minimum, there is provided_- a flow valve of the orifice or venturi .
15 type, so designed as to be actuatedrby an increase in the velocity of
flow through the valve. Since this increase in velocity is proportional
to the amount of fluid and therefore the pressure of fluid applied
on the iniet side of fhe valve, the valve is responsive to changes in
flow volume and consequently to changes in flow demand made upon
20 the filter assembly of the in{rention. This valve is placed in the line
of flow between the inlet to the filter assembly and the primary filter
element. Preferably, the valve is placedin an inlet passage.
Pressure indicators can be provided, indicating the reaching
of a predetermined pressure differential across the primary filter

25 element, and across the secondary filter element, so that an indication
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is given to the operator that the primary or secondary filter element
or both have become clogged, and require servicing.
Such valves rarely seal off bypass flow when the valve is

closed; becguse of their flow responsive characteristic, there is a

5 leakage bypass flow at all times that is especially high when the
fluid flow approaches the crack-open point. Since leakage flow cannot
usually be permitted to exceed a certain level, it becomes necessary
to monitor leakage flow, and signal when it réaches the maximum level
that can be tolerated. .

10 The usual pressure indicators are not suitable, because they
cannot distinguish between the pressure differentials across the valve
arising from different levels of leakage flow, and pressure differentials
arising from a higher flow rate across the orifice or venturi of the
flow control valve. When a higher flow rate is required, a sudden flow

15 surge results which may lead to actuation of the pressure indicator
designed to indicate abnormal leakage flow. Pressure indicators
therefore can give false indication of the monitored condition during
periods of peak flow demand.

U.S. patent No. 3, 335, 863 patented August 15, 1967, to

20 Bernard F. Silverwater provides a differential pressure indicator
that is less sensitive or even in-sensitive' to flow surges, and yet
detects any changes in static pressure dué to a change inresistance
across a filter element due to dirt toading, at or below the normal
flow demand of the system. A changed or controlled response to

25 flow surges is obtained by combining the indicator with a response
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control or converting means adapted to interchange velocity head and
static head, and thus alter the static pressure component by an

amount proportionate t-o the change in the velocity head component

of the flow surge. One of the fluid lines leading from the pressure
indicator is connected with the response control means by tapping

the zone thereof of greatest changed static head in a manner to respond
only to the changed static pressure component. Such response can

be obtained by any of several techniques, including design of the
response control means, and the design of the fluid circuit between the
response control means and the pressure indicator. A valve can be

combined with the response control means to. isolate the pressure

- indicator from the fluid system thus rendering the indicator insensitive
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25

to flow surges.

The Silverwater device is effective but only over a small flow
range; otherﬁse, the pressure losses become excessive. It is effective
when used to measure viscous pressure drops such as across filter
elements and to negate the effects of high flows 6f short duration
through a partially blocked filter element. This eliminates premature |
element replacement.

In accordance with the invention, a flow sensor ‘is provided
responsive to fluid leakage flows within a range frorﬁ above a predeter-
minéd minimum to below a predetermined maximum to indicate that
flow is within that range and/or that the maximum leakage flow has
been exceeded, but nonresponsive to fluid flows below the predetermined
minimum or above the predetermined maximum, to avoid giving a false

indication of fluid leakage flow, comprising, in combination:
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(1) a housing having an inlet and an outlet and a through
flow fluid passage therebetween;
(2) a flow responsive valve disposed across the fluid
passage in a manner to control flow therethrough éomprising
5 (a) a valve seat;

(b) -a valve member movable towards and away from '
the valve seat and having opposed faées receiving fluid pressure
upstream and downstream, respectively, of the valve member;,

(c) bias means biasing the valve member into a normally

10 closed position against the valve seat with a force resisting upstream
fluid pressure against the valve face tending to open the valve up fo
a predetermined minimum;

(d) a flow controlling orifice, preferably through but

also optionally bypassing the valve member and open to flow past

15the valve member between the housing inlet and outlet at all times;

(e) at least one fluid flow passage downstream of the
valve seat for flow past the valve member that is closed when the
valve member is against 'the valve seat and open when the valve
member is moved away from the valve seat; and

20 (f) a leakage flow passage receiving leakage flow past
the valve seat and carrying such flow past the valve member into
the fluid flow passage, the valve member when in the closed position
separating the leakage flow passage from the fluid flow- passage, and
when in the open position combining the leakage flow paésage vﬁth the
25 fluid flow passage;
(3) a differential pressure indicator having:

() cooperating actuating and indicating magnetic
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elements, the actuating element being movable between a first
position in which it retains the indicating element in a nonindicating
position and a second position in which the indicating element can move
into an indicating position; the actuating element having opposed

5 pressure faces and being movable towards one of the two positions
according to the pressure differential therebetween;

(b). a first fluid passage cdmmunicating fluid pressure in
the fluid leakage flow passage after the valve member to the first
pressure face and a second fluid passage communicating fluid pressure

10 at the flow-controlling orifice of the valve member to the second
pressure face;

(¢) bias means retaining the actuating element in a first
position to retain the indicating element in a nonindicating position
at pressure differentials thereacross up to a predetermined minimum,;

15 and at pressure differentials exceeding the minimum to move away
from the indicating element and release it to signal the reaching of
such minimum pressure differential;
(4) the valve member when moved away from the valve
seat combining the fluid leakage flow and fluid flow passages and
20 thereby reducing the measured pressure differential between the first and
éecond fluid passages to below said predetermined minimum, thereby
preventing actuation of the differential pressure indicator while
the valve member remains in the open position.
In a preferred embodiment, the flow resf)onsive valve has a

25 valve member such as a poppet biased against a valve seat, and the
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poppet has an orifice or throat such as a venturi considerably reducing
the diameter of the passage available for flow, such as in the inlet
passage, and as a consequence of this reduction in diameter, the
velocity of flow through the valve poppet orifice increases.

5 However, it is also possible to prdvide an orifice, venturi or
narrow passage by-passing the valve member, such as a poppet, in the
housing beside the valve member, and in parallel thereto, linking the
upstream and downstream fluid flow passages on each side of the valve
nlembér. Such a flow passage can provide the necessary pressure drop

10 ard cause the valve member to open at a predetermined pressure drop

due to flow.

The tbial pressure in the fluid remains constant, and is the
sum of the static pressure and the velocity pressure. Hence, an
increase in the velocity pressure at any point will result in a decrease

15 in the static pressure at that point. Under normalAﬂow conditions, |
a steady state exists in which the force due to the high static pressure
on the inlet side of the valve member, such as a poppet,is less than
the total fo.rce holding the valve member in place, and the valve member
remains stationary. However, when the flow volume and hence rate

20 jncreases, the velocity of flow through the orifice increases, and results
ina réduction in static pressure at the orifice, which reduces the force
tending to hold the valve member stationary against the inlet flow. The
valve member is designed to be actuated whenever the reduction in

static pressure across the orifice falls below a predetermined minimum.

25 The valve is so positioned in the fluid line, such as the inlet
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passage, as under normal flow conditions to close off the line to all
flow except that iccommeodated by the orifice or venturi. The result
is that all flow must pass tarough {he orifice or venturi of tas vaive
member. At a predetermined pressure differeatial in static pressure
between the vaive face or ianlet side of the vaive and the other sive of
tie valve, the minimum value of which is determined by the ficwy
requirements of the system, the valve is actuated in a manner to fuiy
open the passage between the inlet and outlef.

The amount of opening can be designed to be proportional.

.to the magnitude of the pressure differential, and thus the amount of

bypass flow can be made directly dependent upon the rate of flow.
While the valve is open, flow continues, but flow through the oriiice
after cracking is dependent on the design of the valve member. For
example, if the loaded valve member exposes a larger upstream
pressure area after cracking, the differential pressurs across the
valve will be reduced, and hence there will then be less flow tirougn
the orifice. In any case, at all positions of the valve member, flow
is supplied to and through i:he~ fluid passage.

A prefeﬁed embodiment of the flow responsive valve comprises
structurélly a poppet reciprocatingly mounted in the passage and
spring-biased against a valve seat in a position to partially close off
the flow passage, and a constricted flow passage through the poppet in
the form of an orifice or venturi conﬁecting the inlet with the outlet in

all positions of the valve. The pressure exerted by the compression

PR Wl
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spring againsf the poppet can be adjusted as required, and the dimension-
ing of the orifice or venturi is matched with the compressive force of the
spring, and the dimensioning of the pressure chamber and surface area
of the poppet exposed therein to fluid pressure, so as to obtain actuation
5 of the valve poppet a: the predetermined pressure differential (due to
flow) in static pressure across the orifice.

While spring biasing means is preferred, magnetic, electro-
static or electromggnetic bilasing means can also be used. In the case
oI magnetic or electrcstitic means, twin magnets can be used, at each
T cxtremily of reciprocztion of the poppet, and the poppet itself can be
mignetic, oriented 50 as {o Ye altracted to the magnet holding
tha poppet in the closed position and repelled by the magnet holding
e yoppet in the open position, and both magnets are so placed
that the poppet at each extremity is within the field of both magnets.
Thus reseating of the poppet in the closed position is ensured when
the flow is returned to normal. In the case of electromagnetic
biasing means, the coil windings can be varied to provide the required
biasing forces.

In another embodiment, the valve poppet can also be
to e actuated by a fluid pressure against the inlet face of the orifice,
whenever the pressure drop across a filter reaches a predetermined
maximum. This is done by shaping the inlet face of the valve poppet
to a larger surface area than the combined surface area in the
pressure chamber and facing the passage on the outlet side of the poppet.
Thus, whenever the fluid pressure on the inlet face exceeds the pres-

sure in the passage closed off by the poppet by a predetermined amount,r
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the valve poppet is actuated, just as in the case of a predetermined
excessive static pressure differential. In this embodiment the dif-
ferential pressure indicator pressure taps will be placed so as to only
measure the pressures due to flow and be insensitive to differential

5 pressures due to the contaminated element.

Thus, the valve can be designed to actuate, in the preferred
embodiment, whenever the fluid ﬂow. through the passage exceeds a
predetermined minimum, so that the total pressure differential between
the inlet passage and the outlet paséage across the poppet exceeds

107 a predetermined rminimum. Thereupon the valve poppet is actuated.
The leakage flow passage extends past the valve member,

- such as the valve poppet, from the valve seat to the fluid flow passage
downstream of the valve seat. The passage can be through the valve
member, or through the housing, but it is usually simpler to place the

15 valve seat in a recess in the fluid flow passage into which the valve
member fits against the seat with a small clearance at the sides thereof,
defining the leakage flow passage. Then, when the valve member

" moves out of the recess into the open position, the barrier is withdrawn,
resulting in the combination of the recess with the fluid flow passage.

20 Those skilled in the art are aware of the parameters to be
taken into accouﬁt in determining the diameters of orifices or venturi
passages. The exact dimensions for the valve member faces and
passages must be determined for each particular system, but this is
readily accomplished by standard design and calculation.

25 - The flow valve can be constructed of any durable material

inert to the fluid being circulated through the system. Metal valves,
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such as those made of aluminum, stainless steel, and other stainless
alloys, are preferred, but it is also possible to fabricate the valve
from synthetic polyme rs and cellulose derivatives, such as polytetra-
finoroethylene, polypropylene, polyethylene, polystyrene, nylon,

3 polyoxymethyvlene, acrylonitrile rubbers and fluorocarbon rubbers.

In accordance with the invention a differential pressure indi-
cafor is combined with the flow responsive valve in a manner so as io
sense diffsrential fluid pressure between the leakage flow passage or
tuial pressure apstream of the valve member, and the fluid flow passage

10 downsf,ream of the valve seat when the valve member is in the closed
position, but not when the valve member is in the open position. For
tiiis purpose, the high pressure tap of the differential pressure indica-
.1 enses the fiuid pressure upstream of the valve member, which is
equal to the total pressure in the orifice as measured on the downstream

15 side. The low pressure tap senses the pressure on the downstream

si;ie.of the valve member seat when the valve is closed. Then the valve
cracks, the valve member just moves off the seat, and the downsi;ream
tap senses the higher total pressure upst reém of the vé.lve (minus
some velocity head losses). The differential pressure from crack open
20 t¢ full open is less than the preset indicating pressure, and hence the
indicator will not actuate. In order to prevent false actuation in the
interval of time to go from leakage flow to operational flow, the differ-
ential pressure indicator must have a time delay mechanism. This is
nrovided by orifice 42b in passage 42 of the device shown in Figures 1

2% and £, and orifice 75 in passage 71 of the device shown in Figure 3.

The differential pressure indicator comprises, in its bicadest
aan ORIGINAL  ZF
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aspect, a housing, a first fluid passage in the housing communicating
with fluid pressure in the leakage flow passage below the valve seat; a
second fluid passage in the housing communicating with the flow-.

controlling orifice at or below the valve seat; an indicating magnetic

5 element in the housing for movement into and from an indicating position;

and an actuating magnetic member controlling movement of the indicat-
ing element in response to changes in pressure between the two fluid
passages.

The indicating and actuating magnetic means can be any

rys

10 of those well-known in the indicator art. The preferred form is

15

20

25

the magnetic form disclosed in U. S. patent No. 2, 942, 572, dated
June 28, 1960, to David B. Pall. This device comprises a piston
means movably mounted in the hbusing, first magnetic means movable
with the piston means toward and away from a first position, bias
means urging the piston means in one direction and normally retaining
the first magnetic means in the first position, fluid duct means
communicating with a source of fluid under pressure and with one end
of the piston means to uxge it in the opposite direction, second
magnetic means movable toward and away from the first magnetic
means and normally retained toward the first magnetic means by
magnetic aitraction when the first magnetic means is in the first
position, and bias means ﬁrging the second magnetic means away
from the first magnetic means selected to overcome the force of
magnetic attraction when the first magnetic means is more than a
predetermined distance away from the second magnetic means.

Also useful are the diaphragm type devices described in
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U.S. patent No. 3,077,176 to D.B. Pall et al., dated February 12,
1963. These devices include a flexible magnetic diaphragm assembly
movably mounted in the housing, toward and away from a first

position, bias means urging the diaphragm assembly in one direction

o and normally retaining the same in the first position, fluid duct means

communicating with a source of fluid under préssure and with one
face of the diaphragm assembly to urge it in the opposite direction,
magnetic means movable foward and away from the magnetic

diaphragm assembly and normally retained toward the assembly by

10 magnetic attré.ction when the assembly 1s in the first position, and

15

20

bias means urging the magnetic ineans away from the assembly
selected to overcome the force of the magnetic means when the
assembly means is more than a predetermined distance away
therefrom.

U.S. patent No. ‘3, 140, 690 patented July 14, 1964 provides
a device having a first magnetic means arranged to attract a second
magnetic means so long as the two means are separated by less than
a predetermined distance, and bias means to propel the second
magnetic element to an indicating position whenever that distance
is exceeded. Retention of the second element in either the attracted
or the indicating position, or both, is ensured by a third magnetic
means so arranged so as to attract the second magnetic means so
jong as it is in the first position, and/or to attract the second magnetic
means so long as iv iz in the indicating position. This type of device
can also be used.

Figure 1 represents a top view of the flow sensor and maxi-

mum leakage flow indicator in accordance with the i antizn,
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Figure 2 represents a longitudinal section taken along the
line 2-2 of Figure 1, and looking in the direction of the arrows; and

Figure 3 represents a longitudinal section through another
embodiment of flow sensor and maximum leakage flow indicator, in
which the upstream pressure is tapped before the flow orifice through
the valve instead of after the flow orifice. |

The fiow sensor aﬁd maximum éysténﬁ leakage flow indicator

shown in Figures 1 and 2 has a housing 1 with an inlet port 2 and an

~ outlet port 3 connected by a fluid flow passage 4 for through fluid flow

iﬁ for example an aircraft hydraulic line feeding the landing gear and
hydraulic controls system.

Disposed across the line of flow through the fluid flow pass-
age 4 is a hollow flow-responsive bypass poppet valve 10, spring-
biased into a normal position shownin Figure 2 in which it is seated
against a valve seat 11, at the stepped junction between the bores 3 and
4. The valve poppet 10 is tubular, with flat énd walls 12 and cylind-
rical side walls 13, 14.7 The walls 14 fit snugly against the walls of
the bore 21 in a sliding fit, so that the valve 10 can move reciprocably
t;owards and away from the valve seat 11 in the bore. The walls 13
fit in the recess 9 with a émall clearance of approximately 0.1to3 mm
defining a fluid leakage flow passage 8 extending from the valve seat
11 to passage 4 downstream of the valve 10 and valve seat 11.

The lock ring 16, which fits in the groove 17 of the bore 6,
holds the valve guide 7 fixedly in position. The valve guide 7 retains
one end of a compression spring 18 nested in the annular recess 19,

the other end of which is seated against the downstream face of the
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valve poppet 10. The spring 18 accordingly biases the valve poppet
10 against the vaive seat 11.
The valve guide 7 has an open central bo ré 21 receiving in a
loose sliding fit with a smail clearance the central hub 14 of the
5 poppet valve 10. Thus, the bore 21 acts as a guide or track for
reciprocable movement of the valve poppet 10 into engagement with
and away from engagement with the valve seat 11 in the recess, and

the spring 18 helps to retain the poppet in alignment for easy sliding

movemenf. Upon application of a sufficient fluid pressure differ-
10ential across the valve poppet 10, o;rercoming the biasing force of
the spring 18, the valve will move away from the valve seat, and
sliding in the bore 21 of guide 7, and thereby connects the two bores
5 and 6 with passage 4. ’ ]
The valve poppet 10 has an opén central passage 25 also
15 communicz;.ting bores 5 and 6, and this pérmits normal flow iﬁ the
fluid line to pass from the inlet 2 to the outlet 3 at all times. This
flow m:;\y for example be of the order of 3 % 0.5 gpm at 100°F of
MIL-H-5606 fluid at a pressure differential of approximately 7 psi
across the valve poppet, without the valve poppet moving away from
20the valve seat 11. |
If however the flow in the fluid line at the inlet exceeds 3 =
0.5¢gpm, the biasing force of the spring 18 will be exceeded, and the
valve poppet 10 will be forced away from its valve seat 11, opening
the bypass line to accommodate this additional flow. Thus,. the
25bypass line will be open at all ﬂbws in excess of 3 £ 0.5 gpm, up to a

maximum flow of approximately 29 gallons per minute, at a differential



~18-
pressure across the valve of 25 psi.

0013932

The valve housing 1 also includes 2 side bore 30 at right

~angles to the fluid flow passage, serving as a socket in which is placed
the maximum system leakage flow indicator 40 in accordance with the

Sinvention. There are two fluid {low cunuections between the socket 30
and the fluid line 4, one passage 41 entering the fluid leakags flow
passage 8 just below the valve seat il 111 the side wall of the recess 9,
and the other passage 42 entering the downsiream end of passagp 25 of
the vaive poppet 10 via a bent tube 42a. )

10 There is a small orifice 429 in the passaje-42:which restricts

fluid pressure communicatinn zud thus providses a fime delay.

The differential pressure iadicator in the socket 30 is
coermposed of an indicator hegﬁing 45, which is mounted by external
scraws (not shown) which screw into the internally threaded holes 43

i5 circumnferentially located around the socket 3G. In a blind bore 45 of
housiag 45 is an indicating magnetic 2lemant 47, which is movable
rec iprocably between indicating and nenindicating positions. The
poxtion 48 .of thé indicating element is 2ol red red, and prbjects from
the housing 45 when the element i3 actuaizd. The normal positicn i3

20 however within the housing 45, as shown in Frn_ > 2, with the im}eer
end of ik2 element 47 abutting the bage wall 49 of the blind bore,

The indicating element is held i this position by magneti:
at,.\.:.\,tmn to the actuating magnetic glement 50, one end of which,
having a polarity opposite 1o 1tz peiazily oi Lo {adicabing 2l

25 is abutting the other side of the wall 41 &f tre biind Bare. Thiz

element is disposed in a sockel 51 Of ths iolivaoer housin, <75,
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retained within a cylindrical sleeve 53, which is movable towards and
away from the wall 49, and is provided with an O-ring 54 for leak-
tight sealing against the walls of the socket 51, thus separating the
socket into two chambers 55, 56. It will be noted that the passage 41
is in fluid flow connection with the portion 56 of the chamber, while

the passage 42 is in fluid flow connection with the portion 55 of the

‘chamber, the O-ring seal 54 preventing fluid communcation there-

between, with the result that the chamber 56 sees fluid pressure at
the leakage flow passage 8, while chamber 55 sées fluid pressure
in the passage 25 of the poppet 10.
The actuatingvelem ent 50 is held against the wall 49 by the

compression spring 57, one end of which is seated against the
base 58 of the socket, while the other end is seated against a flange
on the sleeve 53 and thus tends to retain the actuating elemert in the
position shown in Figure 2. | |

- The indicating element 47 is provided vwith a flange 60, and
a compression spring 61 is retained between the inner face of this
flange and the base 49 of the blind bore. This spring tends to drive
the indicating element 47 into the indicating position, with the red
button extended from the indicator housing, but the indicating element
47 is normally held against the biasing force of the spring by the force
of magnetic attraction between it and the actuating element 50. While
the actuating element 50 is against the wall 49 in the position shown
in Figure 2 this force of attraction is sufficient to hold the indicating
element in the nonindicating position.

If however the fluid pressure in passage 25 (and thus in
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chamber 55 via passage 425 increases to a level at which it exceeds
the biasing force of the spring 57, it drives the actuating element 50
away from the wall 49. As soon as that element has reached a

distarce at which the force of magnetic attraction between the

5 actuating element 50 and the indicating element 47 is insufficient to

overcome the biasing force <f the spring 61. the indicating element ¢~

pops ¢ut of the housing.

10

20

25

Under normal conditions, there is smali leakage flow pas-
the valve poppet 10 from the geat ii-info.ihe recess, and this smal!
flow proceeds via leakage flow passage 8 into passage 26and thenthrou
passage 6. Such flow is atf . reduced fluid pressure as compared £~
inlet pressure. While the valve poppet 10 is against the valve zzat 1
pii- sﬁre in poppet passage :25 is nommunicaled to the actuating *

30 via passage 42, and through the restrictive orifice 42b. and wher ©
excreds a predetermined misiza-in ok actauitie.;g element 50 movsa
awz . {rom the wall 49, and the indicating slement then is driven

to the indiéating position by the spring 1. However, such aciua:ion
can only occur while the valve popost ig in the seated position., showr
in Figure 2. If the valve poovpel s forced away from its seat and aw+ .
from the recess the passaze 4! communizales a higher fluid pressur

which is the static pressure plus the velocity head with the result i2a.

L

tho alement 50 sees a2 higher il:.d pressure in chamber 53, and 1o

not move, Thus, when the valvs poppst is away from its seab. it ©
impnssible to actuate the lnvczior goavve o the nvecanre o e
tiai between 1ne passages 44, 42 and chaioers 55, 56 is jnswiiaia i ¢

-

overcome the force of the biasing . T,
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Accordingly, the pressure indicator senses only flow in
relation to léakage flow, and is therefore a maximum system leakage
flow indicator. |

If desired, the indicating element can also be made to actuate

5 a switch, as well as giving a visual signal. Switch actuation is
provided for in Figure 2 by the flange 60 on the side of the indicating
element 47. When the indicating element 47 moves into the actuated
position, with the red button extending from the housing, the flange
60 contacts and moves the lever 65, driving it against the contact

10 62, and thus closing the circuit, and actuating the switch, giving an
electric signal, or moving a solenoid valve, or ringing a bell, for
example, as desired.

In the embodiment of flow sensor and maximum leakage flow
indicator of Figﬁre 3, the upstream pressure is tapped before the

15 flow orifice through the valve instead of below the flow orifice. In other

respects, the device is similar to that of Figures 1 and 2, and con-

sequently like reference numerals are used for like parts.
The flow sensor and maximum system leakage flow indicator
showh in Figure 3 has é housing 1 with an inlet port 2 and an outlet
20 port 3 connected by a fluid flow passage 4 for through fluid flow in
for example an aircraft hydraulic line feeding the landing gear and
hydraulic controls system.
Disposed across the line of flow through the fluid flow pass-
age 4 is a hollow flow-responsive bypass poppet valve 10, spring-
25 biased into the~.norma1 position shown in Figure 3 in which it is seated

against a valve seat 11, at the stepped junction between the bores 2 and
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4. The valve poppet 10 is tﬁbular, with flat end walls 12 and cylind-
rical side walls 13, 14. The walls 14 fit snugly against the walls of
the bore 21 in a sliding ﬁt, so that the valve 10 can move reciprocably
towards and away from the valve seat 11 in the bore. The walis 13

fit in the recess 9 with a small clearance of approximately 0.1to3 mm

defining a fluid leakage flow passage 8 extending from the valve seat
11 to passage 4 downstream of the valve 10 and valve seat 11.

The lock ring 16, which fite in the groove 17 of the bore §,

 hold=~ tha valve guide 7 fixedly in pogition. The valve guide 7 refains

one erd of a compression sprinv 18 nested in the annular recess 15,
the nther end of which is seated against the downsiream face of the
valva “n“r-et 10 The spring 12 accordingly diaces the valye poppss
10 #c- f03t the valve seat 11.

The valve guide 7 hae an oren nentral bore 21 receiving iv a
lon<< sliding fit with 2 small ciearanze the central hub 14 of the
popwer valve 10, Thus, the bore 21 arts 25 a guide or track for
reciprocable movement of the valva poppet 10 info engagement with
and away from engagement with *te valve gzat 11 in the recess, we
the spring 18 helps to retain the peppet in alignment for easy slidin-
movement. Upon application ¢f a sufficient fluid pressure differentisl
acmss the valve poppet 10, overcoming the biasing 'force of the spring
18, *he valve will move away from the valve seat, and sliding in th~
bore 21 of guide 7, and thereby connects the two bores 5 and & wit>
passage 4.

The valve poppet 10has anopen central passage 25 alse

commumcatmg bores 5 and 6, and this permits normal flow in th¢ - —
8AD ORIGINAL g
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fluid line to pags fruym the inlet 2 tothe outlet 3 at all times, This flow
may for exarmpie oo of the aderof 2 7005 gpm at 100°F of MIL. H-5608

Juig at a pressure differential at approximately 7 pst across the valve

soppel, wochout the valve ocpper Lneving away fron. tue valy 5tal 11,

+

hox}

If however the flow in the {101 line at the inlet excecun 7
C.5 gpm, the biasing force f tue sgring 19 will be excesdel, =z -1 lae
2wve soppet 10 vnll be forced away from its valve geat 17, ~naning
e bypass iine to accommodace fhis additional flow, Thue, the
Y pdss iiné wili ve open zt 4l fiows in axcess of 3 0.5 gpm, ug to 2
1C naxunum flow of approximateiy 29 gallons per minute, at 4 differentia:

S1aSslLae across the valve of 25 pisi,

The valve housing 1 also inclades a side bore 30 at right

*

angles to the fluid flow passage, serving as a socket in whic.. 2 rlaceu
‘he mnagimum system leakage fiow indicator 40 inaccordance with the

15 wwrention. There are two fluid flow ccanections between the scoket 3¢
aad the fluid line 4, one passage 41 entering the fliid leakage flow
passage 8 just below the valve seat 11 in the side wall of the recess 9,
and the other passage 72 entering the bore 5 just above the upstream
end of passage 25 of the valve poppet 10. There is a small orifice 73

20 in the passage 72 which restricts fluid pressure communication and
thus provides a time delay.

The differential pressure indicator in the socket 30 is
composed of an indicator housing 45, which is mounted by external
screws (not shown) which screw into the internally threaded holes 43

25 circumferentially located around the socket 30. In a blind bore 46 of

housing 45 is an indicating magnetic element 47, which is movable -
. . —— e T'w
BLD ORIGINAL g
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reciprocably between indicating and nonindicating pdsitions. The
portion 48 of the indicating element is colored red, and projects
from the housing 45 when the element is actuated. The normal

position is however within the housing 45, as shown in Figure 2, with

5 the inner end of the element 47 abutting the base wall 49 of the blind

10

15

20

25

bore. 7
The indicating elemrent is held in this position by magnetic
attraction to the actuating magnetic element 50, one end of which
having a polarity opposite to the polarity of the indicating element 47
is abutting the other side of the wall 49 of the blind bore. This element
is disposed in a socket 51 of the indicator housing 45, retained within
a cvlindrical slaeve 53, which is movable towards and away from the
W... ‘.. and is provided with 2n O-xing 54 for leak-tight sealing
againét the walls of the socket 51, thus separating the sockef into
two chambers 55, 56. It wiilb2 wied that the passage 41 is in fluid
flow connection with the portion 56 of the chamber, while tle passace
TZ is in fluid flow connection with the portion 55 of the chamber, the
O-ring seal 54 preventing fiuid communication therebetween, with
the result that the chamber 56 sezs fluid pressure at the leakage flow
passage 8, while chamber 55 sees upstream fluid pressure in the
bore 5 before passage 25 of the poppet 10.
The actuating element 50 is held against the wall 49 by the
compression spring 57, one end of which is seated against the
base 58 of the socket, while the other end is seated against a flange
on the sleeve 53 and thus tends to retain the actuating element in the

position shown in Figure 3.
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The indicating element 47 is provided with a flange 60, and
a compression spring 61 is retained between the inner face of this
flange and the base 49 of the blind bore. This spring tends to drive

the indicating element 47 into the indicating position, with the red

5 button extended.from the indicator hcising, but the indicating element

10

15

20

25

47 is normally held against the biasing force of the spring by the
force of magnetic attraction between it and the actuating element 50.
While the actuating element 50 is against the wall 49 in the position
shown in Figure 3 this force of attraction is sufficient to hold the
indicating element in the nonindicating position.

If however the upstreara fluid pressure in bore 5 before
passage 25 (and thus in chamber 55 Vié. péssage 72) increases fo a
level at which it exceeds the biasing force of the spring 57 "- it drives
the actuating element 50 away from the wall 49. As soon as that
element has reached a distance at which the force of magnetic
attraction between the actuating element 50 and the indicating element
47 is insufficient to overcome the biasing force of the spring 61, the
indicating element 47 pops out of the housing.

Under normal conditions, there is small leakage flow past
the valve poppet 10 from the seat 11 into the recess, and this small
flow proceeds via leakage flow passage 8 into passage 26 and then
through passage 6. Such flow is at a reduced fluid pressure as
compared to inlet pressure. While tle valve poppet 10 is against the
valve seat 11, upstream pressure in bore 5 is communicated to the
actuating element 50 via passage 72, and through the restrictive

orifice 73, and when it exceeds a predetermined minimum the
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acfuating element 50 fnoves away from the wall 49, and the indicating
element then is driven to the indicating position by the spring 61.
However, such actuation can only occur while the valve poppet is in
the seatea position, shown in Figure 3. If the valve poppet is forced
away from its seat and away from the recess the passage 41 com-
municates a fluid pressure which is the total of the static pressure
plus the velocity head with the resulf that the element 50 sees a
fluid pressure in chamber 56 that is not sufficiently lower than the
fluid pressure in chamber 55, and therefore does not move. Thus,
when the valve pbppet is away from its seat, it is impossible to
actuate the indicator, sihce then the pressure differential between
the passages 41,72 and chanbers 55, 56 is insufficient.

Accordingly, the pressure indicator senses only flow in
relation to leakage flow, and is therefore a maximum system leakage -
flow indicator,

If desired, the indicating element can also be made to actuate
é switch, as well as giving a visual signal. Switch actuation is
provided for in Figure 3 by the flange 60 on the side of the indicating
element 47, When the indicating element 47 moves into the actuated -
position, with the red button extending from the housing, the flange

60 contacts and moves the lever 65, driving it against the contact

-62, and thus closing the circuit, and actuating the switch, giving an

- electric signal, or moving a solenoid valve, or ringing a bell, for

example as desired.
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Claims:

1. A flow sensor responsive to fluid leakage flows wiEhin a
range from above a predetermined minimum to below a predetermined
maximum to indicate that flow is within that range and/or that the
maximum leakage flow has been exceeded, but nonrésponsive to fluid

5 flows below the predetermined minimum or above the predetermined
maximum, to avoid giving a false.indicdtion of fluid leakage flow,
comprisihg,: in combination: |

(1) a housing having an inlet and an outlet and a through
flow fluid passage therebetween;

10 | - (2) a flow responsive valve disposed across the fluid
passage in 2 manner to direct flow therethrough compriging

(a) a valve seat;

(b) a valve member movable towards and away from
the valve geat and having opéosed faces receiving fluid pressure

15 upstream and downstream, respectively, of the valve member,

(c) bias means biasing the valve member into a normally
closed position against the valve seat with a force resisting upstream
fluid pressure against the valve face tending to open the valve up to
a predetermined minimum; |

20 (d)  aflow controlling orifice open to flow past the
valve member between the housing inlet and outlet at all times;

(e) at least one fluid flow passage downstream of the
valve seat for flow past the valve member that is closed when the |

valve member isgainst the valve seat and open when the valve



_a- 0013932

25 member is moved away from the valve seat; and

30

35

40

45

50

(£) a leakage flow passage receiving leakage flow past
the valve seat and carrying such fiow past the valve member into
the fluid flow passage, the valve member when in the closed position
separating the leakage flow passage from the fluid flow passage, and
when in the open position combining the leakage {low passage"with the
fluid flow passage;

(3) a differential pressure indicator having:

(2) céoperating actuating and indicating magnetic
elements, the actuating elc_ement being movable between a first position
in which it retains the indicating element in a nonindicating position
and a second position in which the indicating element can move into an
indicating position; the .actﬁéting element having opposed pressure
faces and being mov able towards one of the two positions according
to the pressure differential therebetween;

(b) a first fluid passage communicating fluid pressure in
the fluid leakage flow passage after the valve member to the first
pressure face and a second fluid passage communicating fluid pressure
at the flow-controlling c;rifice through the valve member to the second
pressure face;

(c) bias means retaining the actuating element in a first
position to retain the indicating element in a nonindicating position
at pressure differentials thereacross up to a predetermined minimum;
and at pressure differentials exceeding the minimum to move away
from the indicating element and release it to signal the reaching of

such minimum pressure differentials;
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{7% =means in the second fluid passage delaying
Lomaunication of fluid pressure therethrough to prevent actuation of
*.2 actuating elemert when the valve opens while flow is incréasing
from: leakage flow to operating flow;

(4) the valve meriber when moved away from the valve
seat combining the fluid.leakage flow and fluid flow passages and
thereby reducing the measured pressure differential between the
first and second fluid pzasages to below said predetermirsd minimum,

thereby preventing actuation of the differential pressure indicator

while the valve member remains in the open position.

2. A flow sensor according to claim 1 in which the flow-
controlling orifice is an orifice through the valve m.emberr

3. A flow sensor according to claim 1, in which the
valve member of the flow responsive valve is a poppet biased against
the valve seat, and the flow contrclling orifice is an orifice through
the poppet.

4. A flow sensor according to claim 1 in which the valve
member of the flow responsive valve is a poppet bia'sed against the
'valve seat, and the flow controlling orifice is' a narrow flow passage
through the poppet.

5. A flow sensor according to claim 4 in which the narrow
flow passage is a venturi. |

6. A flow sensor according to claim 1 wherein the second
fluid passage communicates with the .downstream end of the flow
controlling orifice through the valve member of. the flow responsive

valve.
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7. A flow sensor according to claim 1 wherein the second
fluid passage communicates with the fluid pressure at the upstream
end of the flow controlling orifice through the valve member of the
flow responsive valve.

8. A flow sensor according t~ 1ai™ 1, in which the means
in the second fluid passage is an orifice.

9. A flow sensor acccerding to claim 1, including a switch
operable by the indicating element upon movement to an indicating
position,

10. A flow sensor according to claim ‘1, in which the
=ctuating 2lement is in the form of a piston, moving in a bore into

shich the first and second fluid passages open.
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